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TWO-DIMENSIONAL OPTICAL CDMA 
SYSTEM, PN CODED WAVELENGTH/TIME 
ENCODER AND DECODER THEREIN, AND 
METHOD OF ENCODING/DECODING 

RELATED APPLICATIONS 

The present application is based on, and claims priority 
from, Korean Application Number 2004-108263, ?led Dec. 
17, 2004, the disclosure of Which is incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical code division 

multiple access (OCDMA) system, and more particularly to a 
tWo-dimensional OCDMA system sequentially encoding 
data bits in time domain and in the Wavelength domain using 
tWo independent pseudo random noise (PN) sequences, and 
decoding the encoded results in the Wavelength and time 
domains based on Wavelength difference detection (or equal 
detection of Wavelength) such that multiple access interfer 
ence (MAI) among concurrent users can be removed, and to 
a Wavelength/time sequential encoder and decoder adopted in 
the OCDMA system. Also the present invention relates to a 
method of encoding/decoding data bits/ decoded results using 
the same. 

2. Description of the Related Art 
Generally, research into performance enhancement of an 

OCDMA system have been proceeded to increase the number 
of creation code and to reduce noise including MAI among 
concurrent users. To achieve the above objectives, a method 
for increasing created code dimension Was proposed. 
As a priorpatent for an encoding/decoding technique of the 

prior art OCDMA system, US. Pat. No. 6,614,950, entitled 
FIBER BRAGG GRATING-BASED OCDMA ENCODER/ 
DECODER, Whose assignee is the National Science Council, 
discloses a Wavelength domain OCDMA system using PN 
code in one-dimension. In the US. patent, the encoder 
includes a broadband light source, a ?ber Bragg grating 
(FBG) array, and an optical circulator. The FBG array re?ects 
a speci?c Wavelength according to previously allocated PN 
code and transmits it to a netWork through the optical circu 
lator to perform Wavelength domain encoding. The encoder 
performs an encoding operation if the data bit is ‘ l ’ and does 
not transmit a signal thereto if the data bit is ‘0.’ Also, the 
decoder includes a pair of FBG arrays, composed according 
to allocated codes and codes complementary to the allocated 
codes, and tWo optical detectors performing Wavelength dif 
ference detection. Lights passing through the pair of FBG 
arrays are incident upon the respective optical diodes. If the 
lights correspond to the codes of the FBG arrays, they are 
incident upon one photodiode to output a signal ‘ l .’ HoWever, 
if the lights correspond to codes of another users, they are 
divided to be incident upon tWo photodiodes. On the other 
hand, since the length of PN codes used in the prior US. 
patent is odd, MAI occurs. Also, since the encoding and 
decoding are performed in the one-dimensional Wavelength 
domain, the code number is limited. 

In order to overcome the problems in the prior US. patent, 
tWo dimensional encoding/decoding techniques have been 
proposed. Namely, a system adopting the prior art encoding/ 
decoding techniques composes a neW tWo-dimensional code 
created as prime code is combined With optical orthogonal 
code, and transmits signals based on the combination thereto 
as FBG arrays corresponding to tWo pair of Single Pulse Per 
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2 
RoW type codes corresponding to ‘ l ’ and ‘0’ are sWitched by 
control signals, respectively. HoWever, the proposed system 
has disadvantages in that the created code number is limited 
and, furthermore the subscriber number cannot be secured 
since tWo codes are distributed to a single subscriber. 

Uri N. Griner and Shlomi Arnon disclosed tWo-dimen 
sional encoding/ decoding techniques [IEEE, Photonics Tech 
nology Lett.,Vol. 16, No. 1, pp. 332~334, January 2003, titled 
“A novel bipolar Wavelength-time coding scheme for optical 
CDMA systems”], using bipolar time spreading of a broad 
band light source and complementary spectral-amplitude 
coding, in Which tWo LEDs perform a coding operation in the 
time domain according to signals ‘1’ and ‘—l.’ After that, 
another coding operation is performed in the Wavelength 
domain through a diffraction grating. In a receiving unit, 
Wavelength difference detection is performed by tWo photo 
diodes to retrieve the signals. The above system employs a 
Hadamard code for performing a coding operation in the 
Wavelength domain, and a barker code of length, 3, 7 and 11 
for performing a coding operation in the time domain. HoW 
ever, the prior art system has disadvantage in that MAI cannot 
be completely removed therefrom due to inherent character 
istics of the barker code adopted in the time domain. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in vieW of 
the above problems, and it is an object of the present invention 
to provide an OCDMA system sequentially encoding data 
bits to create matrix type codes using modi?ed PN sequence 
including stuff bits therein in time domain and in Wavelength 
domain, and sequentially decoding the matrix type codes in 
Wavelength domain and time domain such that MAI among 
users can be removed and the code number to be used can be 
increased 

It is another object of the present invention to provide a 
Wavelength/time sequential encoder and decoder adopted in 
the OCDMA system. 

It is yet another object of the present invention to provide a 
method of encoding/ decoding data bits/encoded results, clas 
sifying creation codes, as groups based on characteristics of 
the creation codes, and synchronously transmitting the codes 
in the same group thereto to prevent generation of MAI by 
using all of the created codes. 

In accordance With one aspect of the present invention, the 
above and other objects can be accomplished by the provision 
of an OCDMA system including a base station connected to 
a plurality of user terminals, comprising an encoder and a 
decoder, Which are included in each user terminal. The 
encoder includes: time domain encoding means for creating a 
time domain code having a sequence according to inputted 
data bits or a complementary code Which is complementary to 
the time domain code; optical modulation means for selec 
tively outputting lights, in Which the lights are incident upon 
the optical modulation means from the outside, to tWo output 
leads, respectively, according to a chip bit of the time domain 
code or the complementary code; and Wavelength domain 
encoding means for generating a tWo-dimensional code by 
encoding the light outputted from the ?rst output lead of the 
optical modulation means into a Wavelength domain 
sequence and the complementary tWo-dimensional code 
Which is complementary to the tWo-dimensional code by 
encoding the light outputted from the second output lead of 
the optical modulation means into a complementary sequence 
of the Wavelength domain sequence, and transmitting the 
tWo-dimensional code and the complementary tWo-dimen 
sional code to the base station. The decoder includes: Wave 
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length decoding means for receiving an optical signal code 
encoded by the encoder from the base station, and decoding 
the optical signal code in Wavelength domain to output an 
electric signal thereto; time domain decoding means for 
decoding the electric signal in time domain; and threshold 
determination means for determining Whether the decoded 
signal in the time domain decoding means is a threshold, and 
outputting data bits based on the determination. 

Preferably, the time domain encoding means may include a 
pattern generator for outputting a time domain PN sequence 
having a pattern according to inputted data bits and a comple 
mentary sequence Which is complementary to the time 
domain PN sequence. 

Preferably, the Wavelength domain encoding means may 
includes: an FBG array arranged to an optical signal line 
connected to the second output lead of the optical modulation 
means; and an optical circulator for receiving the light out 
putted from the ?rst output lead to input it to the PEG array in 
the reverse direction thereof such that the PEG array re?ects 
to output the tWo-dimensional code encoded in Wavelength 
domain modi?ed PN sequence thereto, and alloWing the light 
outputted from the second output lead to be passed through 
the PEG array such that the complementary tWo -dimensional 
code of the tWo dimensional code encoded in a complemen 
tary sequence of the Wavelength domain modi?ed PN 
sequence is outputted. 

Preferably, the Wavelength domain decoding means may 
include: an optical circulator for inputting an optical signal 
encoded by the encoder through a ?rst lead to output it to a 
second lead, and outputting a signal inputted by the second 
lead to a third lead; an FBG array arranged on an optical line 
connected to the second lead of the optical circulator; and ?rst 
and second optical detectors connected to one another in 
series, Wherein a optical signal outputted from the second 
lead of the optical circulator and re?ected from the PEG array 
is decoded into a decoding code, the length of Which is the 
same as that of the Wavelength domain modi?ed PN 
sequence, and the decoding code is outputted through the 
third lead to input it to the ?rst optical detector, a optical 
signal outputted from the second lead and passed through the 
PEG array is decoded to the complementary code Which is 
complementary to the decoding code to input it to the second 
optical detector, and the ?rst and second optical detectors 
convert the decoded optical signals into electrical signals in 
Wavelength difference detection, and then output the electric 
signals thereto. 

Preferably, the time domain decoding means may include 
an electrical multiplying element for multiplying an electric 
signal outputted from the Wave domain decoding means by 
the time domain code or the complementary code of the time 
domain code. The plurality of user terminals form a plurality 
of groups each of Which includes more than one user terminal, 
in Which the user terminal has an encoder, in Which time 
domain encoding means of the encoder outputs time domain 
modi?ed PN sequences different from one another. The num 
ber of chip bits in the time domain modi?ed PN sequence is 
greater by one than that of the user terminal included in one 
group. The time domain modi?ed PN sequence includes stuff 
bits. 

Preferably, the Wavelength domain encoding means in the 
plurality of groups performs an encoding operation using the 
same Wavelength domain modi?ed PN sequence. The num 
ber of the chip bits in Wavelength domain modi?ed PN 
sequence is preferably greater by one than that of the group. 
The Wavelength domain modi?ed PN sequence preferably 
includes stuff bits. 
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4 
Preferably, the tWo -dimensional code may be a matrix type 

code, Which includes a roW composed of the time domain 
sequence and a column composed of the Wavelength domain 
sequence according to the time domain sequence, or Which 
includes a column composed of the time domain sequence 
and a roW composed of the Wavelength domain sequence 
according to the time domain sequence. 

In accordance With another aspect of the present invention, 
the above and other objects can be accomplished by the 
provision of an encoder included in each of a plurality of user 
terminals connected to a base station, in Which the plurality of 
user terminals are included in an OCDMA system. The 

encoder includes: time domain encoding means for creating a 
time domain code having a sequence according to inputted 
data bits or a complementary code Which is complementary to 
the time domain code; optical modulation means for selec 
tively outputting lights, in Which the lights are incident upon 
the optical modulation means from the outside, to tWo output 
leads, respectively, according to a chip bit of the time domain 
code or the complementary code; and Wavelength domain 
encoding means for generating a tWo-dimensional code by 
encoding the light outputted from the ?rst output lead of the 
optical modulation means into a Wavelength domain 
sequence and the complementary tWo-dimensional code 
Which is complementary to the tWo-dimensional code by 
encoding the light outputted from the second output lead of 
the optical modulation means into a complementary sequence 
of the Wavelength domain sequence, and transmitting the 
tWo-dimensional code and the complementary tWo-dimen 
sional code to the base station. 

In accordance With further aspect of the present invention, 
the above and other objects can be accomplished by the 
provision of a decoder decoding tWo-dimensional codes of 
optical signals, Which are sequentially encoded in time 
domain and in Wavelength domain and then transmitted by 
the base station. The decoder includes: Wavelength decoding 
means for receiving an optical signal code encoded by the 
encoder from the base station, and decoding the optical signal 
code in Wavelength domain to output an electric signal 
thereto; time domain decoding means for decoding the elec 
tric signal in time domain; and threshold determination 
means for determining Whether the decoded signal in the time 
domain decoding means is a threshold, and outputting data 
bits based on the determination. 

In accordance With yet another aspect of the present inven 
tion, the above and other objects can be accomplished by the 
provision of a method of encoding/decoding data bits in an 
OCDMA system including a plurality of user terminals con 
nected to a base station. The method includes the steps of: 
generating a time domain code having a sequence according 
to the data bits or a complementary code Which is comple 
mentary to the time domain code, and encoding the data bits 
in time domain, based on the generation; transmitting tWo 
dimensional code or a complementary code of the tWo dimen 
sional code, in Which the tWo dimensional code is generated 
as light inputted from the outside is encoded into a Wave 
length domain sequence and the complementary code is gen 
erated as the inputted light is encoded into a complementary 
sequence of the Wavelength domain sequence, according to 
chip bits of the time domain code or the complementary code 
Which is complementary to the time domain code; receiving 
the encoded light signal from a netWork and decoding it in the 
Wavelength domain to an electric signal to be outputted; 
decoding the electric signal in the time domain; and deter 
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mining Whether the decoded signal decoded in the time 
domain is a threshold and outputting data bits thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other advantages 
of the present invention Will be more clearly understood from 
the following detailed description taken in conjunction With 
the accompanying draWings, in Which: 

FIG. 1a is a schematic block diagram illustrating an 
encoder included in an OCDMA system according to the 
present invention; 

FIG. 1b is a schematic block diagram illustrating a decoder 
included in an OCDMA system according to the present 
invention; 

FIG. 2 is a vieW illustrating an example of a chip-bit 
sequence used When an encoding operation is performed 
according to the present invention; 

FIG. 3a and FIG. 3b are vieWs according to connection of 
subscribers and a base station in the OCDMA system; 

FIG. 4 is a vieW illustrating an example of a decoded result 
according to the present invention; 

FIG. 5 is a graph illustrating a calculation result of bit error 
ratio (BER) curves of an OCDMA system according to the 
present invention; and 

FIG. 6 is a graph illustrating BER results When performing 
data transmissionbased on bit rates of 100 Mbps and 10 Mbps 
in an OCDMA system according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

NoW, preferred embodiments of the present invention Will 
be described in detail With reference to the annexed draWings. 
In the draWings, the same or similar elements are denoted by 
the same reference numerals even though they are depicted in 
different draWings. 

FIG. 1a and FIG. 1b are vieWs illustrating a tWo dimen 
sional OCDMA system according to the present invention. 
The tWo dimensional OCDMA system of the present inven 
tion includes a plurality of user terminals each of Which 
includes an encoder and a decoder. The encoder encodes data 
bits and then transmits the encoded result thereto and the 
decoder decodes inputted light signal. FIG. 1a is a schematic 
block diagram illustrating an encoder included in an 
OCDMA system according to the present invention and FIG. 
1b is a schematic block diagram illustrating a decoder 
included in an OCDMA system according to the present 
invention. 

With reference to FIGS. 1a and 1b, the tWo-dimensional 
OCDMA system according to an embodiment of the present 
invention includes an encoder 10 and a decoder 20. 

The encoder 10 includes time domain encoding means 12 
for generating a time domain code having sequences T l and 
T 1 according to inputted data bits 1 1 or a complementary code 
Which is complementary to the time domain code; an optical 
modulation means 14 for selectively outputting lights, in 
Which the lights are incident upon the optical modulation 
means 14 from the outside, to tWo output leads 15 and 16, 
respectively, according to a chip bit in the time domain code 
or the complementary code Which is complementary to the 
time domain code; and a Wavelength domain encoding means 
17 for encoding the light as a Wavelength domain sequence, in 
Which the light is outputted from a ?rst output lead 16 of the 
optical modulation means 14, transmitting a tWo-dimensional 
code to the base station, encoding the light as a complemen 
tary sequence of a Wavelength domain sequence, in Which the 
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6 
light is outputted from a second output lead 15 of the optical 
modulation means 14, and transmitting the complementary 
code base on the tWo dimensional code to the base station. 
The decoder 20 includes Wavelength decoding means 21 

for receiving an optical signal code encoded by the encoder 
from the base station and decoding the optical signal code in 
Wavelength domain to output an electrical signal thereto; a 
time domain decoding means 23 for decoding the electrical 
signal outputted from the Wavelength domain decoding 
means 21 in time domain; and a threshold determination 
means 25 for determining Whether the decoded signal in the 
time domain decoding means 23 is a threshold and outputting 
data bits based on the determination. 
The encoder 10 of the OCDMA system according to the 

present invention performs sequential encoding in time 
domain and in Wavelength domain. Also, the decoder 20 
sequentially decodes in the Wavelength domain and in the 
time domain. With reference to FIG. 2, a chip bit sequence 
used in the encoding operation of the present invention is 
described in detail in order to describe an encoding procedure 
performed in the encoder 10. 

FIG. 2 is a vieW illustrating an example of a chip-bit 
sequence used When an encoding operation is performed 
according to the present invention. Since encoding proce 
dures are preformed in the Wavelength domain and the time 
domain, respectively, each domain uses independent chip-bit 
sequences. As shoWn in FIG. 2, modi?ed sequences Wl to 
W7, Which are formed as a stuff bit S1 is added to PN 
sequences of 7 chip bits, can be used to be performed an 
encoding operation in the Wavelength domain. Also, modi?ed 
sequences T 1 to T3,Wh1Ch are formed as a stuff bit S2 is added 
to the PN sequence of 3 bits, can be used to be performed an 
encoding operation in the time domain. Namely, the modi?ed 
PN sequences, Which are used in the Wavelength domain and 
the time domain of the present invention, include stuff bits. 
Also, since the modi?ed PN sequences T1 to T3 used in the 
time domain occur in an electric domain, ‘—1 ’ is used instead 
of ‘0.’ 

In the prior PN sequences, the difference betWeen the num 
bers of‘O (or —I)’ and ‘ l ’ is alWays one bit. In this case, ifdata 
transmission/reception is performed using a modi?ed PN 
sequence, interference occurs betWeen CDMA channels dif 
ferent from one another due to the difference betWeen the 
numbers ‘0 (or —I)’ and ‘ l .’ In order to reduce such interfer 
ence, if stuff bits are added to a predetermined column of the 
PN sequence such that the number of ‘0 (or —I)’ is the same as 
that of ‘ l ,’ interference betWeen the CDMA channels differ 
ent from one another can be removed therefrom. Although 
FIG. 2 depicted as an example indicating that a ?nal chip bit 
of modi?ed PN sequences Wl to W7 and T 1 to T3 is a stuff bit, 
the column of the stuff bit can be determined arbitrarily. Here, 
the stuff bit must be present in the same column in all of the 
modi?ed PN sequences. In the present invention, the PN 
sequence indicative of a modi?ed PN sequence including the 
stuff bits. 

Since the encoding procedure is sequentially performed in 
the time domain and in the Wavelength domain, the present 
invention performs based on a neW type code Which is created 
as the modi?ed PN sequence of the time domain is combined 
With that of the Wavelength domain. For example, as shoWn in 
FIG. 2, a modi?ed PN sequence denoted by W l in the Wave 
length domain and a modi?ed PN sequences denoted by T 1 in 
the time domain can be combined With to each other to create 
a neW code Cll (IWIGBTI). Also, a modi?ed PN sequence 
denoted by W3 in the Wavelength domain and a modi?ed PN 
sequence denoted by T2 in the time domain can be combined 
With to each other to create a code C32 (IW3GBTZ). These neW 
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codes are matrix type codes each of Which is composed of 
roWs including modi?ed PN sequences of the time domain 
and columns including modi?ed PN sequences of the Wave 
length domain according to the modi?ed PN sequences of the 
time domain. Also, these neW codes may be matrix type codes 
each of Which is composed of columns including modi?ed 
PN sequences of the time domain and roWs including modi 
?ed PN sequences of the Wavelength domain according to the 
modi?ed PN sequences of the time domain. The matrix type 
tWo-dimensional codes are described in detail beloW. 

On the other hand, the chip bit number of modi?ed PN 
sequence used in the present invention is associated With the 
number of the user terminals included in the OCDMA system 
and the number of the groups each of Which is composed of 
more than one of the user terminal. Such association is 
described in detail With reference to FIG. 3a and FIG. 3b. 
FIG. 3a and FIG. 3b are vieWs according to connection of 
subscribers and a base station in the OCDMA system. 

Referring to FIG. 3a, one Way of connections is imple 
mented such that a light source 32 is shared by n subscriber 
terminals, 31-1 to 31-n, Which are included in a group 3-1. 
The OCDMA system includes a plurality of groups 3-1 to 3-m 
each of Which includes more than one subscriber terminal. In 
this connection, the number of light sources can be relatively 
reduced, compared With the prior art system, as one light 
source 32 is shared by the subscriber terminals included in a 
single group. In the OCDMA system, When n subscriber 
terminals 31-1 to 31-n, included in a single group (for 
example, 3-1), perform an encoding operation in Wavelength 
domain, they use the same modi?ed PN sequence patterns. 
On the other hand, When the n subscriber terminals 31-1 to 
31-n perform an encoding operation in time domain, they use 
modi?ed PN sequence patterns Which are different from one 
another. Namely, if K subscriber terminals are connected to a 
base station in the OCDMA system, in Which the K subscriber 
terminals form In groups therein, each of Which is composed 
of n subscriber terminals, a Wavelength domain modi?ed PN 
sequence, composed of m+l chip bits to perform a Wave 
length encoding operation, and a time domain modi?ed PN 
sequence, composed of n+1 chip bits, are needed because 
stuff bit is added to PN sequence one by one in the present 
invention. 

Referring to FIG. 3b, connection is implemented such that 
the respective light sources 42-1 to 42-n are allocated to the 
respective subscriber terminals 41-1 to 41-n. In this connec 
tion, since the respective subscriber terminals 41-1 to 41-n 
include the respective light sources 42-1 to 42-n, although the 
present invention needs relatively large cost, the present 
invention has advantages in that the system can be easily 
installed thereinto. Similarly, the present invention also 
includes a plurality of groups 4-1 to 4-m including more than 
one subscriber terminal. Similar to the description as shoWn 
in FIG. 3, When n subscriber terminals 41-1 to 41-n included 
in a single group (for example, 4-1) perform an encoding 
operation in Wavelength domain, they use the same modi?ed 
PN sequence patterns. On the other hand, When the n sub 
scriber terminals 41-1 to 41-n perform an encoding operation 
in time domain, they use the modi?ed PN sequence patterns 
Which are different from one another. Also, When performing 
an encoding operation in the Wavelength domain, the respec 
tive groups 4-1 to 4-m use modi?ed PN sequence patterns 
different from one another. In the OCDMA system adopting 
the connection fashion of FIG. 3b, the chip bit number of 
modi?ed PN sequences for performing a decoding operation 
in the time domain and in the Wavelength domain is the same 
as that of FIG. 3a. 
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8 
More speci?cally, the OCDMA system of one embodiment 

of the present invention is described beloW With reference to 
FIG. 1a and FIG. 1b. 

FIG. 1a illustrates an encoder included in each of a plural 
ity of subscriber terminals connected to a base station in the 
OCDMA system according to one embodiment of the present 
invention. As mentioned above, the encoder 10 includes time 
domain encoding means 12, an optical modulation means 14, 
and Wavelength domain encoding means 17. 
The time domain encoding means 12 creates a time domain 

code having sequences T 1 and T1 according to inputted data 
bits 11 or a complementary code Which is complementary to 
the time domain code. The time domain encoding means 12 
may be implemented With a pattern generator Which is 
capable of outputting a time domain modi?ed PN sequence 
having a pattern according to inputted data bits or a comple 
mentary sequence of the time domain modi?ed PN sequence. 
For example, the pattern generator 12 outputs a modi?ed PN 
sequence based on chip-bit rate units of [l l —l —l], as shoWn 
by T1 in FIG. 2, ifthe inputted data bit is ‘1.’Also, the pattern 
generator 12 outputs a modi?ed PN sequence of [—l —l l 1] 
Which is complementary to T1, if the inputted data bit is ‘0.’ 
The optical modulation means 14 selectively outputs lights 

inputted from the outside to tWo output leads 15 and 16, 
according to a chip bit of [l l —l —1] of the time domain code 
T1 or [—1 —l l l] of the complementary code Tl Which is 
complementary to the time domain code. Namely, the optical 
modulation means 14 outputs light incident upon a ?rst out 
put lead 15 thereto if the inputted chip bit is ‘—l,’ and light 
incident upon a second output lead 16 thereto if the inputted 
chip bit is ‘l.’ 
The Wavelength domain encoding means 17 encodes the 

light as a Wavelength domain sequence, in Which the light is 
outputted from the second output lead 16 of the optical modu 
lation means 14, and transmits a tWo-dimensional code to the 
base station. Also, the Wavelength domain encoding means 17 
encodes the light as a complementary sequence of a Wave 
length domain sequence, in Which the light is outputted from 
a ?rst output lead 15 of the optical modulation means 14, and 
transmits the complementary code of the tWo-dimensional 
code to the base station. 
The Wavelength domain encoding means 17 includes an 

FBG array 172 and an optical circulator 171. The FBG array 
172 is arranged based on an optical signal line connected to 
the ?rst output lead 15 of the optical modulation means 14. 
The optical circulator 171 receives the light outputted from 
the second output lead 16 to input it to the PEG array 172 in 
the reverse direction thereof such that the PEG array 172 
re?ects the light to output a tWo dimensional code encoded 
based on a Wavelength domain modi?ed PN sequence 
thereto, and alloWs the light outputted from the ?rst output 
lead 15 to be passed through the PEG array 172 such that a 
complementary code of the tWo dimensional code encoded 
based on a complementary sequence of the Wavelength 
domain modi?ed PN sequence is outputted. 

For example, an encoding procedure of a Wavelength 
domain is described in detail beloW, With reference to Wl of 
Wavelength domain modi?ed PN sequences, as shoWn in FIG. 
2. Firstly, if data bit ‘ l ’ is inputted to the time domain encod 
ing means 12, a time domain code ofTl [l l —l — l] is inputted 
to the optical modulation means 14. If a chip bit of ‘ l ’ in T1 is 
inputted to the optical modulation means 14, light incident 
upon the optical modulation means 14 from the outside is 
outputted to the second output lead 16. The light outputted to 
the second output lead 16 is inputted to an input terminal of 
the optical circulator 171 to be entered into the PEG array 172 
in the reverse direction. The FBG array 172 selectively 
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re?ects a Wavelength of the light incident thereon in the 
reverse direction such that a pulse having a Wavelength cor 
responding to W1 [1 1 0 0 1 0 1 0] is created. Namely, the FBG 
array 172 is designed such that light is re?ected, in Which the 
light corresponds to ‘ 1 ’ in a modi?ed PN sequence, such as 

W1 [1 1 0 0 1 01 0] ofFlG. 2. On the other hand, ifa chip bit 
‘ —1 ’ in T l is inputted in the optical modulation means 14, the 
light incident upon the optical modulation means 14 from the 
outside is outputted to the ?rst output lead 16. As mentioned 
above, since the FBG array 172 re?ects light having an optical 
Wavelength corresponding to ‘1 ’ of Wl of FIG. 2, lights cor 
responding to the remaining Wavelengths thereof pass 
through the FBG array 172. Namely, a complementary 
sequence of W1 is inputted to the optical circulator 172 to be 
outputted. 
As such, While a time domain code corresponding to data 

bit ‘1’ is inputted to the optical modulation means 14, an 
encoding operation for each chip bit of the time modi?ed PN 
code T1 [1 1 —1 —1] is performed in Wavelength domain.After 
that, a matrix type tWo-dimensional code such as Cl 1 is cre 
ated. When data bit ‘0’ is inputted, since a time domain 
modi?ed PN code, complementary to a state Wherein data bit 
‘ 1’ is inputted, is inputted to the optical modulation means 14, 
tWo-dimensional code such as C—ll is created. As shoWn in 
FIG. 1a, C 1 1 andC—ll are complementary to one anotherbased 
on tWo dimensions. 

As such, an encoded optical signal is outputted from an 
encoder of a subscriber terminal and transmitted to a base 
station. The base station maintains synchronization of the 
optical signals transmitted from the same group thereto. 
Therefore, if optical signals are synchronously transmitted in 
the same group, interference betWeen codes can be ignored 
such that multiple access interference (MAI) can be elimi 
nated. Such synchronization among optical signals can be 
similarly adopted in a situation Wherein an encoded optical 
signal is transmitted from the base station to the decoder of 
the subscribe group. 

FIG. 1b illustrates a decoder of optical subscriber terminals 
included in an OCDMA system according to the present 
invention. As mentioned above, the decoder 20 includes a 
Wavelength domain decoding means 21, a time domain 
decoding means 23 and a threshold determination means 25. 

The Wavelength domain decoding means 21 includes an 
optical circulator 211 for inputting an optical signal encoded 
by the encoder through a ?rst lead to output it to a second lead, 
and outputting a signal inputted by the second lead to a third 
lead; an FBG array 212 arranged on an optical line connected 
to the second lead of the optical circulator; and ?rst and 
second optical detectors 213a and 2131) connected to one 
another in series. 

Here, the optical signal outputted from the second lead of 
the optical circulator 211 and re?ected from the FBG array 
212 is decoded, such that the length of the optical signal is the 
same as that of the Wavelength domain modi?ed PN 
sequence, and the decoded result is outputted through the 
third lead to input it to the ?rst optical detector 21311, the 
optical signal outputted from the second lead and passed 
through the FBG array 212 is decoded to the complementary 
code Which is complementary to the decode code to input it to 
the second optical detector 21319. Also, the ?rst and second 
optical detectors 213a and 21319 convert the decoded optical 
signals into electrical signals in Wavelength difference detec 
tion (or equal detection of Wavelength), and then output the 
electrical signals thereto. 

The time domain decoding means 23 decodes the electrical 
signals outputted from the Wavelength domain decoding 
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10 
means 21 in time domain. The time domain decoding means 
23 includes an electrical multiplying element for multiplying 
an electrical signal outputted from the Wave domain decoding 
means 21 by the time domain code or the complementary 
code of the time domain code. 
The threshold determination means 25 determines Whether 

the decoded signal in the time domain is a threshold and 
outputs data bits based on the determination. 
On the other hand, a loW pass ?lter 24 may be further 

installed betWeen the time domain decoding means 23 and the 
threshold determination means 25 such that noise compo 
nents in the electric signals decoded in the time domain can be 
eliminated. 

FIG. 4 is a vieW illustrating a decoded result including 
codes C l l and C—11 and C l 2 and C—l2, Which are included in the 
same group in the OCDMA system. Namely, the decoding 
results are decoded from signals encoded as codes C11 and 
C—11 from data bit [1 0 0 1], as shoWn in FIG. 1a. TWo types of 
peaks ‘8’ and ‘—8’ in reference numeral 41, as shoWn in FIG. 
4, are signals corresponding to a state Wherein desired signals 
are received Without delay. Especially, the signals are 
received While the peaks in reference numeral 41 are synchro 
niZed With ‘0’ shoWn in reference numeral 42, Which are 
shoWn by reference numerals 43a to 43e. Therefore, if a 
threshold (for example, 7) is determined based on the result, 
transmission/ reception of the codes can be performed Without 
interference of other codes. Namely, since synchronous 
OCDMA transmission can be performed betWeen codes 
included in the same group, a system can be constructed to 
prevent generation of interference. 

FIG. 5 is a graph illustrating a calculation result of a bit 
error ratio (BER) to con?rm performance of an OCDMA 
system according to the present invention, considering excess 
intensity noises, Which are a kind of shot noise, thermal noise 
and beat noise. More speci?cally, the graph of BER is induced 
While received optical poWer Pres is varied from —25 dbm to 
13 dbm. With reference to FIG. 5, although the received 
optical poWer is varied, it is easily appreciated that optical 
output intensity does not affect the BER characteristics. Such 
a result means that the number of concurrent users is largely 
dependent on excess intensity noises. 

FIG. 6 is a graph illustrating a BER result When performing 
data transmissionbased on bit rates of 100 Mbps and 10 Mbps 
in an OCDMA system according to the present invention, 
considering various types of noise as illustrated in FIG. 5. At 
a BER of 10'6 generally alloWed in a subscriber netWork, it is 
appreciated that the number of concurrent users may be 
alloWed up to 34 for 100 Mbps and 106 for 10 Mbps. To 
generate code number Which is satis?ed With BER and the 
number of concurrent users, a code siZe can be set as the 
folloWing: For 100 Mbps, code length is 64 (WI16; T:4 or 
WI8; T:8) and 34 codes of the created codes are allocated to 
subscribers; for 10 Mbps, code length is 168 (WI16; T:8) 
and 105 codes, Which are all of the created codes, are used. 
Therefore, since the present invention uses codes, Which 
encoded based on tWo-dimension in the Wavelength domain 
and the time domain, code number can be increased and 
thusly the subscriber number can be also increased. 

According to the present invention, data bits are sequen 
tially encoded based on a chip-bit rate to generate matrix type 
codes, using modi?ed PN sequences Which include stuff bits 
in time domain and in Wavelength domain, respectively, and 
then the matrix type codes are sequentially decoded in the 
Wavelength domain and in the time domain. Therefore, the 
number of codes to be used can be increased, thereby increas 
ing the subscriber number. 



US 7,689,124 B2 
11 

Also, the present invention can eliminate MAI among users 
as optical signals of the user terminals in the same group are 
synchronized to one another. 

Although the preferred embodiments of the present inven 
tion have been disclosed for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
What is claimed is: 
1. An OCDMA system including a base station connected 

to a plurality of user terminals, comprising: 
an encoder in each user terminal including: 

time domain encoding means for creating a time domain 
code having a sequence according to inputted data 
bits or a complementary code Which is complemen 
tary to the time domain code; 

optical modulation means for selectively outputting 
lights, in Which the lights are incident upon the optical 
modulation means from the outside, to tWo output 
leads, respectively, according to a chip bit of the time 
domain code or the complementary code; and 

Wavelength domain encoding means for generating a 
tWo-dimensional code by encoding the light outputted 
from the ?rst output lead of the optical modulation 
means into a Wavelength domain sequence and the 
complementary tWo-dimensional code Which is 
complementary to the tWo-dimensional code by 
encoding the light outputted from the second output 
lead of the optical modulation means into a comple 
mentary sequence of the Wavelength domain 
sequence, and transmitting the two-dimensional code 
and the complementary tWo-dimensional code to the 
base station; and 

a decoder in each user terminal including: 
Wavelength decoding means for receiving an optical 

signal code encoded by the encoder from the base 
station, and decoding the optical signal code in Wave 
length domain to output an electric signal thereto; 

time domain decoding means for decoding the electric 
signal in time domain; and threshold determination 
means for determining Whether the decoded signal in 
the time domain decoding means is a threshold, and 
outputting data bits based on the determination, 

Wherein the tWo-dimensional code is a matrix type code 
generated from tWo different PN sequences including a 
time domain PN sequence in a ?rst dimension and a 
Wavelength domain PN sequence in a second dimension. 

2. The system as set forth in claim 1, Wherein the time 
domain encoding means includes a pattern generator for out 
putting the time domain PN sequence having a pattern 
according to inputted data bits and a complementary 
sequence Which is complementary to the time domain PN 
sequence. 

3. The system as set forth in claim 1, Wherein the Wave 
length domain encoding means includes: 

an FBG array arranged to an optical signal line connected 
to the second output lead of the optical modulation 
means; and 

an optical circulator for receiving the light outputted from 
the ?rst output lead to input it to the PEG array in the 
reverse direction thereof such that the PEG array re?ects 
to output the tWo-dimensional code encoded in the 
Wavelength domain PN sequence thereto, and alloWing 
the light outputted from the second output lead to be 
passed through the PEG array such that the complemen 
tary tWo-dimensional code of the tWo dimensional code 
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12 
encoded in a complementary sequence of the Wave 
length domain PN sequence is outputted. 

4. The system as set forth in claim 1, Wherein the Wave 
length domain decoding means includes: 

an optical circulator for inputting an optical signal encoded 
by the encoder through a ?rst lead to output it to a second 
lead, and outputting a signal inputted by the second lead 
to a third lead; 

an FBG array arranged on an optical line connected to the 
second lead of the optical circulator; and 

?rst and second optical detectors connected to one another 
in series, 

Wherein a optical signal outputted from the second lead of 
the optical circulator and re?ected from the PEG array is 
decoded into a decoding code, the length of Which is the 
same as that of the Wavelength domain PN sequence, and 
the decoding code is outputted through the third lead to 
input it to the ?rst optical detector, a optical signal out 
putted from the second lead and passed through the PEG 
array is decoded to the complementary code Which is 
complementary to the decoding code to input it to the 
second optical detector, and the ?rst and second optical 
detectors convert the decoded optical signals into elec 
trical signals in Wavelength difference detection, and 
then output the electric signals thereto. 

5. The system as set forth in claim 1, Wherein the time 
domain decoding means includes an electrical multiplying 
element for multiplying an electric signal outputted from the 
Wave domain decoding means by the time domain code or the 
complementary code of the time domain code. 

6. The system as set forth in claim 2, Wherein the plurality 
of user terminals form a plurality of groups each of Which 
includes more than one user terminal, in Which the user ter 
minal has an encoder, in Which time domain encoding means 
of the encoder outputs time domain PN sequences different 
from one another. 

7. The system as set forth in claim 6, Wherein the number of 
the chip bits in the time domain PN sequence is greater by one 
than that of the user terminal included in one group. 

8. The system as set forth in claim 3, Wherein the plurality 
of user terminals connected to the base station form a plurality 
of groups therein, each of Which includes more than one user 
terminal, in Which the user terminal has an encoder, in Which 
Wavelength domain encoding means performs an encoding 
operation using the same Wavelength domain PN sequence. 

9. The system as set forth in claim 8, Wherein the number of 
the chip bits in the Wavelength domain PN sequence is greater 
by one than that of the group. 

10. The system as set forth in claim 1, Wherein the tWo 
dimensional code includes a roW composed of the time 
domain PN sequence and a column composed of the Wave 
length domain PN sequence according to the time domain PN 
sequence, or Which includes a column composed of the time 
domain PN sequence and a roW composed of the Wavelength 
domain PN sequence according to the time domain PN 
sequence. 

11. The system as set forth in claim 6 or 8, Wherein the base 
station maintains synchronization betWeen codes received 
from more than one subscriber included in the same group 
and betWeen the codes transmitted from the more than one 
subscriber included in the same group. 

12. An encoder included in each of a plurality of user 
terminals connected to a base station, in Which the plurality of 
user terminals are included in an OCDMA system, compris 
ing: 
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time domain encoding means for creating a time domain 
code having a sequence according to inputted data bits or 
a complementary code Which is complementary to the 
time domain code; 

optical modulation means for selectively outputting lights, 
in Which the lights are incident upon the optical modu 
lation means from the outside, to tWo output leads, 
respectively, according to a chip bit of the time domain 
code or the complementary code; and 

Wavelength domain encoding means for generating a tWo 
dimensional code by encoding the light outputted from 
the ?rst output lead of the optical modulation means into 
a Wavelength domain sequence and the complementary 
tWo-dimensional code Which is complementary to the 
tWo-dimensional code by encoding the light outputted 
from the second output lead of the optical modulation 
means into a complementary sequence of the Wave 
length domain sequence, and transmitting the tWo-di 
mensional code and the complementary tWo-dimen 
sional code to the base station, 

Wherein the tWo-dimensional code is a matrix type code 
generated from tWo different PN sequences including a 
time domain PN sequence in a ?rst dimension and a 
Wavelength domain PN sequence in a second dimension. 

13. The encoder as set forth in claim 12, Wherein the time 
domain encoding means includes a pattern generator for out 
putting the time domain PN sequence having a pattern 
according to inputted data bits and a complementary 
sequence Which is complementary to the time domain PN 
sequence. 

14. The encoder as set forth in claim 12, Wherein the 
Wavelength domain encoding means includes: 

an FBG array arranged to an optical signal line connected 
to the second output lead of the optical modulation 
means; and 

an optical circulator for receiving the light outputted from 
the ?rst output lead to input it to the PEG array in the 
reverse direction thereof such that the PEG array re?ects 
to output the tWo-dimensional code encoded in the 
Wavelength domain PN sequence thereto, and alloWing 
the light outputted from the second output lead to be 
passed through the PEG array such that the complemen 
tary tWo-dimensional code of the tWo dimensional code 
encoded in a complementary sequence of the Wave 
length domain PN sequence is outputted. 

15. The encoder as set forth in claim 13, Wherein the 
plurality of user terminals form a plurality of groups therein, 
each of Which includes including more than one user termi 
nal, in Which the user terminal has an encoder, in Which a time 
domain encoding means of the encoder outputs time domain 
PN sequences different from one another. 

16. The encoder as set forth in claim 15, Wherein the 
number of the chip bits in the time domain PN sequence is 
greater by one than that of the user terminal included in one 
group. 

17. The encoder as set forth in claim 14, Wherein the 
plurality of user terminals connected to the base station form 
a plurality of groups therein, each of Which includes more 
than one user terminal, in Which the user terminal has an 
encoder, in Which a Wavelength domain encoding means per 
forms an encoding operation using the same Wavelength 
domain PN sequence. 

18. The encoder as set forth in claim 17, Wherein the 
number of the chip bits in the Wavelength domain PN 
sequence is greater by one than that of the group. 
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14 
19. The encoder as set forth in claim 15 or 17, Wherein the 

base station maintains synchronization betWeen codes 
received from more than one subscriber included in the same 

group. 
20. The encoder as set forth in claim 12, Wherein the 

tWo-dimensional code includes a roW composed of the time 
domain PN sequence and a column composed of the Wave 
length domain PN sequence according to the time domain PN 
sequence, or Which includes a column composed of the time 
domain PN sequence and a roW composed of the Wavelength 
domain PN sequence according to the time domain PN 
sequence. 

21. A decoder decoding tWo-dimensional codes of optical 
signals, Which are sequentially encoded in time domain and in 
Wavelength domain and then transmitted by the base station, 
comprising: 

Wavelength decoding means for receiving the tWo dimen 
sional codes, and decoding the tWo-dimensional codes 
in the Wavelength domain to electric signals to be out 
putted; 

time domain decoding means for decoding the electric 
signals in the time domain; and 

threshold determination means for determining Whether 
the decoded signal in the time domain decoding means is 
a threshold, and outputting data bits based on the deter 
mination, 

Wherein the tWo-dimensional code is a matrix type code 
generated from tWo different PN sequences including a 
time domain PN sequence in a ?rst dimension and a 
Wavelength domain PN sequence in a second dimension. 

22. The decoder as set forth in claim 21, Wherein the 
Wavelength domain decoding means includes: 

an optical circulator for inputting an optical signal encoded 
by the encoder through a ?rst lead to output it to a second 
lead, and outputting a signal inputted by the second lead 
to a third lead; 

an FBG array arranged on an optical line connected to the 
second lead of the optical circulator; and 

?rst and second optical detectors connected to one another 
in series, 

Wherein a optical signal outputted from the second lead of 
the optical circulator and re?ected from the PEG array is 
decoded into a decoding code, the length of Which is the 
same as that of the Wavelength domain PN sequence, and 
the decoding code is outputted through the third lead to 
input it to the ?rst optical detector, a optical signal out 
putted from the second lead and passed through the PEG 
array is decoded to the complementary code Which is 
complementary to the decoding code to input it to the 
second optical detector, and the ?rst and second optical 
detectors convert the decoded optical signals into elec 
trical signals in Wavelength difference detection, and 
then output the electric signals thereto. 

23. The decoder as set forth in claim 21, Wherein the time 
domain decoding means includes an electrical multiplying 
element for multiplying an electric signal outputted from the 
Wave domain decoding means by the time domain code or the 
complementary code of the time domain code. 

24. A method of encoding/decoding data bits in an 
OCDMA system including a plurality of user terminals con 
nected to a base station, comprising the steps of: 

generating a time domain code having a sequence accord 
ing to the data bits or a complementary code Which is 
complementary to the time domain code, and encoding 
the data bits in time domain, based on the generation; 

transmitting tWo dimensional code or a complementary 
code of the tWo dimensional code, in Which the tWo 
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dimensional code is generated as light inputted from the 
outside is encoded into a Wavelength domain sequence 
and the complementary code is generated as the inputted 
light is encoded into a complementary sequence of the 
Wavelength domain sequence, according to chip bits of 
the time domain code or the complementary code Which 
is complementary to the time domain code; 

receiving the encoded light signal from a netWork and 
decoding it in the Wavelength domain to an electric 
signal to be outputted; 

decoding the electric signal in the time domain; and 
determining Whether the decoded signal decoded in the 

time domain is a threshold and outputting data bits 
thereto, 

Wherein the tWo-dimensional code is a matrix type code 
generated from tWo different PN sequences including a 
time domain PN sequence in a ?rst dimension and a 
Wavelength domain PN sequence in a second dimension. 

25. The method as set forth in claim 24, Wherein the encod 
ing the data bits in time domain serves to output the time 
domain PN sequence having a pattern according to the input 
ted data bit and a complementary sequence of the time 
domain PN sequence thereto. 

26. The method as set forth in claim 24, Wherein the out 
putting the electric signal serves to convert decoded light 
signal into the electrical signal in the Wavelength domain in 
difference of detection Waves and then outputs it thereto. 

27. The method as set forth in claim 24, Wherein the decod 
ing the electrical signal in the time domain serves to multiply 
the electrical signal by the time domain code or a comple 
mentary code of the time domain code. 

28. The method as set forth in claim 24, Wherein the plu 
rality of user terminals form a plurality of groups therein, 

20 

25 

30 

16 
each of Which includes more than one user terminal, and 
Wherein the encoding data bit in time domain is performed 
such that the user terminal included in the plurality of groups 
is encoded as time domain PN sequences, Which are different 
from one another, in time domain. 

29. The method as set forth in claim 28, Wherein the num 
ber of the chip bits in the time domain PN sequence is greater 
by one than that of the user terminal included in one group. 

30. The method as set forth in claim 24, Wherein the plu 
rality of user terminals connected to the base station form a 
plurality of groups therein, each of Which includes more than 
one user terminal, and Wherein the transmitting alloWs the 
user terminal included in the plurality of groups to encode as 
tWo dimensional code using the same Wavelength domain PN 
sequence, and to transmit it to the netWork. 

31. The method as set forth in claim 30, Wherein the num 
ber of the chip bits in the Wavelength domain PN sequence is 
greater by one than that of the group. 

32. The method as set forth in claim 28 or 30, Wherein the 
base station maintains synchronization betWeen codes 
received from more than one subscriber included in the same 
group and betWeen the codes transmitted from the more than 
one subscriber included in the same group. 

33. The method as set forth in claim 24, Wherein the tWo 
dimensional code includes a roW composed of the time 
domain PN sequence and a column composed of the Wave 
length domain PN sequence according to the time domain PN 
sequence, or Which includes a column composed of the time 
domain PN sequence and a roW composed of the Wavelength 
domain PN sequence according to the time domain PN 
sequence. 


